Abstract. Odometer is used to measure the distance that the wheels rolled when the robot is moving and can be replaced by the motor encoders. But when the wheel comes to idling or skid, there will be errors. Idling or skid generally occurs in the turning process where the information of inertia sensors is required to correct the localization. In this paper, we discuss a relative localization method to keep small error during a relatively long time without using external sensors. The initial alignment is used to reduce the error caused by inclination of the ground. The Kalman filter algorithm which is used to fuse the odometer and micro-inertial system information are proposed to reduce the relative positioning error.
Introduction
Accurate localization is necessary for mobile robot navigation and navigation is the base of autonomous mobile robot. At present, there have formed four methods to solve the localization problem of mobile robot which are relative localization, absolute localization, integrated localization as well as simultaneous localization and mapping [1] [2] [3] [4] . Relative localization, also known as dead reckoning, estimates the position of the robot by velocity and yaw angle got by odometer and inertial sensors [1, [5] [6] [7] . Absolute localization method need external sensors, such as laser range finder, camera and ultrasonic sensor, to estimate the absolute coordinate of the robot in the environment through feature-based matching or other ways [2, 8, 9] . Integrated localization combines relative localization and absolute localization which can get a relative accurate result by less computation compared with pure absolute localization [3, 10] . The simultaneous localization and mapping method, or SLAM for short which can implement localization with unknown map, can build the environment map according to robot poses and environment observation [4, 11] . A good dead reckoning method is the base for the two latter methods.
Initial Alignment and State Updating Algorithm of Micro-inertial System
A three-axis accelerometer and a magnetometer is used to perform initial alignment work with gravity vector and magnetic declination when stationary, determining the initial attitude information of the robot and then making the subsequent position projections more accurate. The measured value of the three-axis accelerometer in the body coordinate frame is
. Under stationary conditions, suppose the three-dimensional acceleration vector in the navigation coordinate frame to be n f . The acceleration of x-axis and y-axis is zero. But the z-axis has a vertical downward acceleration due to gravity 
(5) It's difficult to detect the gyroscope zero bias caused by the Earth's rotation angular speed under the static state due to the existence of random drift error of MEMS devices. So we use the magnetometer in the IMU to complete the alignment task. The yaw angle (θ ) can be calculated with equation (4) and (5) It should be noted that the measurement data of all inertial sensors above are considered to have been calibrated and corrected. Since the navigation coordinate system is the same as the global coordinate system, namely l n = v v and l n = f f .The velocity and position of the body in the global coordinate system that is calculated using the inertia data can be expressed as:
where
State Updating Algorithm of Encoder System
The kinematic model of the two-wheel differential mobile robot from time k to time k+1(time interval is 0 T ) is shown in Figure 2 . Take the midpoint of the line of the two wheels ( , ) M x y as the reference point. l and r represent the distance between two wheels and the radius of the wheels respectively. The yaw angle is k 
( )
According to the cosine theorem, the change of position can be expressed as:
The position is compensated using the roll angle and pitch angle data as Eq.13. 
Finally the discrete kinematic model based on the encoder can be expressed as:
Fusion of the Sensory by KF
To avoid complex calculation, the linear state equation we choose is:
where the state variable at time k
The observation equation is:
where the observation variable The specific equations for state update and observation update are: We choose to study the position of some points when the robot travels along fixed trajectory for it's hard to obtain the real position when the robot is moving. The trajectory we set is a line segment and a circle. The results are shown in Figure 3 to 5.
Position Estimation Experiment
In the experiment results, the cumulative error both showed in two figures. The method we use gets a more accurate position with an acceptable error compared with the method that only used odometer or inertial sensors. However, it has a lager variance which can be seen from Figure5.
Conclusion
In this paper, we assume the mobile robot works in a flat indoor environment. The encoders attached to the wheels and micro-inertial measurement unit (IMU) are used as the sensors for localization. The IMU is used to compensate the yaw angle when the wheels come to idling and skid which lead to accumulative error. And for reducing the error caused by the inclination of the ground which is ignored in most papers, we use initial alignment algorithm to compensate the attitude. The relative localization method we use got good positioning accuracy on the mobile robot. But How to reduce the accumulated error still need further study.
